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HARDWARE RECOVERY RESPONSIVE TO 
CONCURRENT MAINTENANCE 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates generally to a com 
puter implemented method, data processing system, and 
computer program product for recon?guring a data process 
ing system. More speci?cally, the present invention relates to 
minimizing impacts of errors discovered in a concurrent 
maintenance operation on the larger data processing system. 
[0003] 2. Description of the Related Art 
[0004] Data center managers typically rely on servers that 
are expected to have a 100% uptime. As a Way to alloW for 
repairs and upgrades of components of a server, engineers 
have designed such a server to accommodate ?eldreplaceable 
units. Advanced ?eld replaceable units are con?gured to 
respond to concurrent maintenance operations. A concurrent 
maintenance operation is the addition, repair, or recon?gura 
tion of a ?eld replaceable unit (FRU) While the system that it 
is attached to, or to Which the PRU is about to become 
attached, is running. 

SUMMARY OF THE INVENTION 

[0005] The present invention provides a computer imple 
mented method, data processing system, and apparatus to 
respond to detection of a hardWare interface error on a system 
bus, for example, during a concurrent maintenance operation. 
The service processor may receive an error on the system bus. 
The error identi?es at least one ?eld replaceable unit and 
inhibits the suppression of clock signal to the ?eld replace 
able unit. The service processor adds an identi?er of the ?eld 
replaceable unit to an eligible Field Replaceable Unit (FRU) 
list. The service processor recursively adds at least one ?eld 
replaceable unit that the ?eld replaceable unit depends upon. 
The service processor suppresses the clock signal to the ?eld 
replaceable unit. The service processor inhibits tagging one 
or more ?eld replaceable units as unusable for next initial 

program load. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0006] The novel features believed characteristic of the 
invention are set forth in the appended claims. The invention 
itself, hoWever, as Well as a preferred mode of use, further 
objectives and advantages thereof, Will best be understood by 
reference to the folloWing detailed description of an illustra 
tive embodiment When read in conjunction With the accom 
panying draWings, Wherein: 
[0007] FIG. 1 is a block diagram ofa data processing sys 
tem in accordance With an illustrative embodiment of the 

invention; 
[0008] FIG. 2 is a block diagram of an exemplary logical 
partitioned platform in accordance With an illustrative 
embodiment of the invention; 
[0009] FIG. 3 is a block diagram ofa data processing sys 
tem that may be receiving a concurrent maintenance in accor 
dance With an illustrative embodiment of the invention; and 
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[0010] FIG. 4 is a ?owchart of steps to handle errors that 
can occur during a concurrent maintenance operation in 
accordance With an illustrative embodiment of the invention. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

[0011] With reference noW to the ?gures, and in particular 
With reference to FIG. 1, a block diagram of a data processing 
system in Which the present invention may be implemented is 
depicted. Data processing system 100 may be a symmetric 
multiprocessor (SMP) system including a plurality of proces 
sors 101, 102, 103, and 104, Which connect to system bus 106. 
For example, data processing system 100 may be an IBM 
eServer, a product of International Business Machines Cor 
poration in Armonk, N.Y., implemented as a server Within a 
network. Alternatively, a single processor system may be 
employed. Also connected to system bus 106 is memory 
controller/ cache 108, Which provides an interface to a plural 
ity oflocal memories 160-163. I/O bus bridge 110 connects to 
system bus 106 and provides an interface to I/O bus 112. 
Memory controller/cache 108 and I/O bus bridge 110 may be 
integrated as depicted. 
[0012] Data processing system 100 is a logical partitioned 
(LPAR) data processing system. Thus, data processing sys 
tem 100 may have multiple heterogeneous operating systems 
or multiple instances of a single operating system running 
simultaneously. Each of these multiple operating systems 
may have any number of softWare programs executing Within 
it. Data processing system 100 is logically partitioned such 
that different PCI I/O adapters 120-121, 128-129, and 136, 
graphics adapter 148, and hard disk adapter 149 may be 
assigned to different logical partitions. In this case, graphics 
adapter 148 connects a display device (not shoWn), While hard 
disk adapter 149 connects to and controls hard disk 150. 

[0013] Thus, for example, suppose data processing system 
100 is divided into three logical partitions, P1, P2, and P3. 
Each of PCI I/O adapters 120-121, 128-129, 136, graphics 
adapter 148, hard disk adapter 149, each of host processors 
101-104, and memory from local memories 160-163 is 
assigned to each of the three partitions. In these examples, 
memories 160-163 may take the form of dual in-line memory 
modules (DIMMs). DIMMs are not normally assigned on a 
per DIMM basis to partitions. Instead, a partition Will get a 
portion of the overall memory seen by the platform. For 
example, processor 101, some portion of memory from local 
memories 160-163, and I/O adapters 120, 128, and 129 may 
be assigned to logical partition P1. Also for example, proces 
sors 102-103, some portion of memory from local memories 
160-163, and PCI I/O adapters 121 and 136 may be assigned 
to logical partition P2; and processor 104, some portion of 
memory from local memories 160-163, graphics adapter 148 
and hard disk adapter 149 may be assigned to logical partition 
P3. 

[0014] Each operating system executing Within data pro 
cessing system 100 is assigned to a different logical partition. 
Thus, each operating system executing Within data process 
ing system 100 may access only those I/O units that are Within 
its logical partition. Thus, for example, one instance of the 
Advanced Interactive Executive (AIX®) operating system 
may be executing Within partition P1, a second instance or 
image of the AIX operating system may be executing Within 
partition P2, and a LinuxTM operating system may be operat 
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ing Within logical partition P3. AIX is a registered trademark 
of International Business Machines Corporation. Linux is a 
trademark of Linus Torvalds. 
[0015] Peripheral component interconnect (PCI) host 
bridge 114 connected to I/O bus 112 provides an interface to 
PCI local bus 115. A number of PCI input/output adapters 
120-121 connects to PCI bus 115 through PCI-to-PCI bridge 
116, PCI bus 118, PCI bus 119, I/O slot 170, and I/O slot 171. 
PCI-to-PCI bridge 116 provides an interface to PCI bus 118 
and PCI bus 119. PCI I/O adapters 120 and 121 are placed into 
I/O slots 170 and 171, respectively. Typical PCI bus imple 
mentations support betWeen four and eight I/O adapters, that 
is, expansion slots for add-in connectors. Each PCI I/O 
adapter 120-121 provides an interface betWeen data process 
ing system 100 and input/output devices such as, for example, 
other network computers, Which are clients to data processing 
system 100. 
[0016] An additional PCI host bridge 122 provides an inter 
face for an additional PCI bus 123. PCI bus 123 connects to a 
plurality of PCI I/O adapters 128-129. PCI I/O adapters 128 
129 connect to PCI bus 123 through PCI-to-PCI bridge 124, 
PCI bus 126, PCI bus 127, I/O slot 172, and I/O slot 173. 
PCI-to-PCI bridge 124 provides an interface to PCI bus 126 
and PCI bus 127. PCI I/O adapters 128 and 129 are placed into 
I/O slots 172 and 173, respectively. In this manner, additional 
I/O devices, such as, for example, modems or netWork adapt 
ers may be supported through each of PCI I/O adapters 128 
129. Consequently, data processing system 100 alloWs con 
nections to multiple netWork computers. 
[0017] A memory mapped graphics adapter 148 is inserted 
into I/O slot 174 and connects to I/O bus 112 through PCI bus 
144, PCI-to-PCI bridge 142, PCI bus 141, and PCI host 
bridge 140. Hard disk adapter 149 may be placed into I/O slot 
175, Which connects to PCI bus 145. In turn, this bus connects 
to PCI-to-PCI bridge 142, Which connects to PCI host bridge 
140 by PCI bus 141. 
[0018] A PCI host bridge 130 provides an interface for a 
PCI bus 131 to connect to I/O bus 112. PCI I/O adapter 136 
connects to I/O slot 176, Which connects to PCI-to-PCI bridge 
132 by PCI bus 133. PCI-to-PCI bridge 132 connects to PCI 
bus 131. This PCI bus also connects PCI host bridge 130 to the 
service processor mailbox interface and ISA bus access pass 
through logic 194 and PCI-to-PCI bridge 132. Service pro 
cessor mailbox interface and ISA bus access pass-through 
logic 194 forWards PCI accesses destined to the PCI/ISA 
bridge 193. NVRAM storage 192, also knoWn as non-volatile 
RAM, connects to the ISA bus 196. Service processor 135 
connects to service processor mailbox interface and ISA bus 
access pass-through logic 194 through its local PCI bus 195. 
Service processor 135 also connects to processors 101-104 
via a plurality ofJTAG/I2C busses 134. JTAG/I2C busses 134 
are a combination of JTAG/ scan busses, as de?ned by Insti 
tute for Electrical and Electronics Engineers standard 1 149.1, 
and Philips I2C busses. HoWever, alternatively, JTAG/I2C 
busses 134 may be replaced by only Philips I2C busses or 
only I TAG/ scan busses. All SP-ATTN signals of the host 
processors 101, 102, 103, and 104 connect together to an 
interrupt input signal of service processor 135. Service pro 
cessor 135 has its oWn local memory 191 and has access to the 
hardWare OP-panel 190. 
[0019] When data processing system 100 is initially poW 
ered up, service processor 135 uses the JTAG/I2C busses 134 
to interrogate the system (host) processors 101-104, memory 
controller/cache 108, and I/O bridge 110. At the completion 
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of this step, service processor 135 has an inventory and topol 
ogy understanding of data processing system 100. Service 
processor 135 also executes Built-In-Self-Tests (BISTs), 
Basic Assurance Tests (BATs), and memory tests on all ele 
ments found by interrogating the host processors 101-104, 
memory controller/cache 108, and I/O bridge 110. Any error 
information for failures detected during the BISTs, BATs, and 
memory tests are gathered and reported by service processor 
135. 

[0020] If a meaningful or valid con?guration of system 
resources is still possible after taking out the elements found 
to be faulty during the BISTs, BATs, and memory tests, then 
data processing system 100 is alloWed to proceed to load 
executable code into local or host memories 160-163. Service 
processor 135 then releases host processors 101-104 for 
execution of the code loaded into local memory 160-163. 
While host processors 101-104 are executing code from 
respective operating systems Within data processing system 
100, service processor 135 enters a mode of monitoring and 
reporting errors. The type of items monitored by service 
processor 135 includes, for example, the cooling fan speed 
and operation, thermal sensors, poWer supply regulators, and 
recoverable and non-recoverable errors reported by proces 
sors 101-104, local memories 160-163, and I/O bridge 110. 
[0021] Service processor 135 saves and reports error infor 
mation related to all the monitored items in data processing 
system 100. Service processor 135 also takes action based on 
the type of errors and de?ned thresholds. For example, ser 
vice processor 135 may take note of excessive recoverable 
errors on a processor’s cache memory and determine that this 
condition is predictive of a hard failure. Based on this deter 
mination, service processor 135 may mark that processor or 
other resource for decon?guration in future Initial Program 
Loads (IPLs). IPLs are also sometimes referred to as a “boot” 
or “bootstrap”. 
[0022] Data processing system 100 may be implemented 
using various commercially available computer systems. For 
example, data processing system 100 may be implemented 
using IBM eServer iSeries Model 840 system available from 
International Business Machines Corporation. Such a system 
may support logical partitioning using an OS/400 operating 
system, Which is also available from International Business 
Machines Corporation. 
[0023] Those of ordinary skill in the art Will appreciate that 
the hardWare depicted in FIG. 1 may vary. For example, other 
peripheral devices, such as optical disk drives and the like, 
also may be used in addition to or in place of the hardWare 
depicted. The depicted example is not meant to imply archi 
tectural limitations With respect to the present invention. 
[0024] With reference noW to FIG. 2, a block diagram of an 
exemplary logical partitioned platform is depicted in Which 
the present invention may be implemented. The hardWare in 
logical partitioned platform 200 may be implemented as, for 
example, data processing system 100 in FIG. 1. Logical par 
titioned platform 200 includes partitioned hardWare 230, 
operating systems 202, 204, 206, 208, and partition manage 
ment ?rmWare 210. Operating systems 202, 204, 206, and 
208 may be multiple copies of a single operating system or 
multiple heterogeneous operating systems simultaneously 
run on logical partitioned platform 200. These operating sys 
tems may be implemented using OS/400, Which are designed 
to interface With a partition management ?rmWare, such as a 
Hypervisor. OS/400 is used only as an example in these 
illustrative embodiments. Of course, other types of operating 
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systems, such as AIX and Linux, may be used depending on 
the particular implementation. Operating systems 202, 204, 
206, and 208 are located in partitions 203, 205, 207, and 209. 
Hypervisor software is an example of software that may be 
used to implement partition management ?rmware 210 and is 
available from International Business Machines Corporation. 
Firmware is “software” stored in a memory chip that holds its 
content without electrical power, such as, for example, read 
only memory (ROM), programmable ROM (PROM), eras 
able programmable ROM (EPROM), electrically erasable 
programmable ROM (EEPROM), and nonvolatile random 
access memory (nonvolatile RAM). 
[0025] Additionally, these partitions also include partition 
?rmware 211, 213, 215, and 217. Partition ?rmware 211, 213, 
215, and 217 may be implemented using initial bootstrap 
code, IEEE-l275 Standard Open Firmware, and runtime 
abstraction software (RTAS), which is available from Inter 
national Business Machines Corporation. When partitions 
203, 205, 207, and 209 are instantiated, a copy of bootstrap 
code is loaded onto partitions 203, 205, 207, and 209 by 
platform ?rmware 210. Thereafter, control is transferred to 
the bootstrap code with the bootstrap code then loading the 
open ?rmware and RTAS. The processors associated or 
assigned to the partitions are then dispatched to the partition’s 
memory to execute the partition ?rmware. 

[0026] Partitioned hardware 230 includes a plurality of pro 
cessors 232-238, a plurality of system memory units 240-246, 
a plurality of input/output (I/O) adapters 248-262, and a stor 
age unit 270. Each of the processors 232-238, memory units 
240-246, NVRAM storage 298, and I/O adapters 248-262 
may be assigned to one of multiple partitions within logical 
partitionedplatform 200, each of which corresponds to one of 
operating systems 202, 204, 206, and 208. 
[0027] Partition management ?rmware 210 performs a 
number of functions and services for partitions 203, 205, 207, 
and 209 to create and enforce the partitioning of logical 
partitioned platform 200. Partition management ?rmware 
210 is a ?rmware-implemented virtual machine identical to 
the underlying hardware. Thus, partition management ?rm 
ware 210 allows the simultaneous execution of independent 
operating system images 202, 204, 206, and 208 by virtual 
iZing all the hardware resources of logical partitioned plat 
form 200. 

[0028] Service processor 290 may be used to provide vari 
ous services, such as processing of platform errors in the 
partitions. These services also may act as a service agent to 
report errors back to a vendor, such as International Business 
Machines Corporation. Operations of the different partitions 
may be controlled through a hardware management console, 
such as hardware management console 280. Hardware man 
agement console 280 is a separate data processing system 
from which a system administrator may perform various 
functions including reallocation of resources to different par 
titions. 

[0029] The terminology used herein is for the purpose of 
describing particular embodiments only and is not intended to 
be limiting of the invention. As used herein, the singular 
forms “a”, “an”, and “the” are intended to include the plural 
forms as well, unless the context clearly indicates otherwise. 
It will be further understood that the terms “comprises” and/ 
or “comprising,” when used in this speci?cation, specify the 
presence of stated features, integers, steps, operations, ele 
ments, and/ or components, but do not preclude the presence 
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or addition of one or more other features, integers, steps, 
operations, elements, components, and/or groups thereof. 
[0030] The corresponding structures, materials, acts, and 
equivalents of all means or step plus function elements in the 
claims below are intended to include any structure, material, 
or act for performing the function in combination with other 
claimed elements as speci?cally claimed. The description of 
the present invention has been presented for purposes of 
illustration and description, but is not intended to be exhaus 
tive or limited to the invention in the form disclosed. Many 
modi?cations and variations will be apparent to those of 
ordinary skill in the art without departing from the scope and 
spirit of the invention. The embodiment was chosen and 
described in order to best explain the principles of the inven 
tion and the practical application, and to enable others of 
ordinary skill in the art to understand the invention for various 
embodiments with various modi?cations as are suited to the 
particular use contemplated. 
[0031] As will be appreciated by one skilled in the art, the 
present invention may be embodied as a system, method or 
computer program product. Accordingly, the present inven 
tion may take the form of an entirely hardware embodiment, 
an entirely software embodiment (including ?rmware, resi 
dent software, micro-code, etc.) or an embodiment combin 
ing software and hardware aspects that may all generally be 
referred to herein as a “circuit,” “module”, or “system.” Fur 
thermore, the present invention may take the form of a com 
puter program product embodied in any tangible medium of 
expression having computer usable program code embodied 
in the medium. 

[0032] Any combination of one or more computerusable or 
computer readable medium(s) may be utiliZed. The com 
puter-usable or computer-readable medium may be, for 
example but not limited to, an electronic, magnetic, optical, 
electromagnetic, infrared, or semiconductor system, appara 
tus, device, or propagation medium. More speci?c examples 
(a non-exhaustive list) of the computer-readable medium 
would include the following: an electrical connection having 
one or more wires, a portable computer diskette, a hard disk, 
a random access memory (RAM), a read-only memory 
(ROM), an erasable programmable read-only memory 
(EPROM or Flash memory), an optical ?ber, a portable com 
pact disc read-only memory (CDROM), an optical storage 
device, a transmission media such as those supporting the 
Internet or an intranet, or a magnetic storage device. Note that 
the computer-usable or computer-readable medium could 
even be paper or another suitable medium upon which the 
program is printed, as the program can be electronically cap 
tured, via, for instance, optical scanning of the paper or other 
medium, then compiled, interpreted, or otherwise processed 
in a suitable manner, if necessary, and then stored in a com 
puter memory. In the context of this document, a computer 
usable or computer-readable medium may be any medium 
that can contain, store, communicate, propagate, or transport 
the program for use by or in connection with the instruction 
execution system, apparatus, or device. The computer-usable 
medium may include a propagated data signal with the com 
puter-usable program code embodied therewith, either in 
baseband or as part of a carrier wave. The computer usable 
program code may be transmitted using any appropriate 
medium, including but not limited to wireless, wireline, opti 
cal ?ber cable, RF, etc. 
[0033] Computer program code for carrying out operations 
of the present invention may be written in any combination of 
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one or more programming languages, including an object 
oriented programming language such as Java, Smalltalk, C++ 
or the like and conventional procedural programming lan 
guages, such as the “C” programming language or similar 
programming languages. The program code may execute 
entirely on the user’s computer, partly on the user’s computer, 
as a stand-alone software package, partly on the user’s com 
puter and partly on a remote computer or entirely on the 
remote computer or server. In the latter scenario, the remote 
computer may be connected to the user’s computer through 
any type of network, including a local area network (LAN) or 
a wide area network (WAN), or the connection may be made 
to an external computer (for example, through the Internet 
using an Internet Service Provider). 
[0034] The present invention is described below with ref 
erence to ?owchart illustrations and/or block diagrams of 
methods, apparatus and computer program products accord 
ing to embodiments of the invention. It will be understood 
that each block of the ?owchart illustrations and/or block 
diagrams, and combinations of blocks in the ?owchart illus 
trations and/ or block diagrams, can be implemented by com 
puter program instructions. These computer program instruc 
tions may be provided to a processor of a general purpose 
computer, special purpose computer, or other programmable 
data processing apparatus to produce a machine, such that the 
instructions, which execute via the processor of the computer 
or other programmable data processing apparatus, create 
means for implementing the functions/acts speci?ed in the 
?owchart and/or block diagram block or blocks. 
[0035] These computer program instructions may also be 
stored in a computer-readable medium that can direct a com 
puter or other programmable data processing apparatus to 
function in a particular manner, such that the instructions 
stored in the computer-readable medium produce an article of 
manufacture including instruction means which implement 
the function/act speci?ed in the ?owchart and/or block dia 
gram block or blocks. 

[0036] The computer program instructions may also be 
loaded onto a computer or other programmable data process 
ing apparatus to cause a series of operational steps to be 
performed on the computer or other programmable apparatus 
to produce a computer implemented process such that the 
instructions which execute on the computer or other pro gram 
mable apparatus provide processes for implementing the 
functions/ acts speci?ed in the ?owchart and/ or block diagram 
block or blocks. 

[0037] The aspects of the illustrative embodiments permit a 
user to continue operations on an active FRU that communi 
cates or otherwise corresponds to a FRU that is receiving a 
concurrent maintenance operation. Accordingly, a central 
electronics complex (CEC) may not suffer from performance 
degradation in response to a failure on a FRU received during 
concurrent maintenance. In addition, one or more embodi 
ments may permit the active FRU to be treated as con?gured 
and operational for purposes of performing an initial program 
load. 

[0038] FIG. 3 is a block diagram ofa data processing sys 
tem 300 that may be receiving a concurrent maintenance in 
accordance with an illustrative embodiment of the invention. 
FIG. 3 may be an early form of the data processing system of 
FIG. 1. That is, data processing system 300 may be capable of 
receiving upgrades to recon?gure data processing system 300 
to become data processing system 100. Accordingly, ?exible 
service processor 305 may perform error detection and recov 
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ery functions for a data processing system such as a Central 
Electronics Complex (CEC). An error is an invalid state for a 
?eld replaceable unit (FRU) or other component of a data 
processing system. Errors may be, for example, CEC Con 
current Maintenance (CCM) recoverable error, a CCM unre 
coverable error, a CCM critical error, among others. 

[0039] For example, CEC complex 301 may include two 
backplanes, backplane 302 and backplane 304, which each 
are identi?ed using “FRU 7” and “FRU 8”, respectively. An 
identi?er of a ?eld replaceable unit is an identi?er that 
uniquely identi?es the PRU as a component to the data pro 
cessing system. Similarly, each backplane includes at least 
one processor, for example, processor 312 (FRU 3) and pro 
cessor 314 (FRU 4), respectively. In this con?guration, back 
plane 302 is a supporting ?eld replaceable unit to processor 
312. A supporting ?eld replaceable unit is a ?eld replaceable 
unit, which provides electrical interconnections and/or 
mechanical support required for a supported ?eld replaceable 
unit to function. In this case, the backplane 302 provides a slot 
and other supporting features to support processor 312, the 
supported ?eld replaceable unit. 
[0040] Each backplane may communicate across a bus to 
reach an I/O adapter. I/O adapter 323 may attach to bus 331 
that couples to backplane 302. Bus 331 may couple to back 
plane 302 by way of a bus interface. A bus interface canbe, for 
example, an I/O controller hub (ICH), peripheral component 
interconnect (PCI) host bridge, and the like. Similarly, I/O 
adapter 325 may attach to a bus that couples to backplane 304. 
Further, ?exible service processor 305, may communicate to 
backplanes and supported FRUs via bus 329. Flexible service 
processor 305 may rely on ?rmware 307 to provide machine 
instructions to control the manner of con?guring and testing 
of FRUs of the CEC complex 301. For example, ?rmware 
may access FRU list 309, explained below, that may provide 
details concerning FRUs that are subject to a concurrent 
maintenance. In addition, a client, for example, Hardware 
Management Console (HMC) 313 may be used to control the 
operations and steps taken when performing concurrent 
maintenance on CEC complex 301. A client can be a work 
station that allows a system administrator to con?gure and 
manage partitions as well as perform maintenance on FRUs 
present and to be added to a data processing system con?gu 
ration. 

[0041] FIG. 4 is a ?owchart of steps to handle errors that 
can occur during a concurrent maintenance operation in 
accordance with an illustrative embodiment of the invention. 
A concurrent maintenance may be an addition of an I/O 
adapter, such as, for example, I/O adapter 323 of FIG. 3. In 
this case, I/O adapter 323 is a Central Electronics Complex 
(CEC) Concurrent Maintenance (CCM) ?eld replaceable unit 
or CCM FRU. A CCM FRU is a FRU that is the target of a 
concurrent maintenance. Processor 312 also of FIG. 3 may be 
an active FRU. An active FRU is a FRU that is con?gured and 
operating within a Central Electronics Complex (CEC). 
[0042] A service processor, for example, ?exible service 
processor 305 of FIG. 3 detects a CCM FRU was added to a 
bus (step 401). The bus is, for example, bus 329, also ofFIG. 
3. The service processor may determine if an error is received 
on the bus (step 403). The error may be generated in associa 
tion with a concurrent maintenance operation. A negative 
determination at step 403 may result in processing terminat 
ing thereafter. If an error is received on the bus, the service 
processor may inhibit the suppression of a clock signal to the 
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active FRU. Accordingly, the active FRU remains running 
with the clock signal continuing to propagate (step 407). 
[0043] Next, the service processor may add the active FRU 
to an eligible FRU list (step 409). An eligible Field Replace 
able Unit (FRU) list is a data structure that associates an error 
identi?er to a FRU identi?ed in the error. In addition, the 
eligible FRU list may also associate a supporting ?eld 
replaceable unit to the error identi?er. The eligible FRU list 
may be, for example, eligible FRU list 309 of FIG. 3. FRUs 
listed in the eligible FRU list may be usable by the next initial 
program load (IPL). 
[0044] Next, the service processor may recursively add all 
FRUs that are supporting FRUs to the active FRU (step 411). 
Accordingly, in the case that processor 312 is the active FRU, 
the service processor may add backplane 302 to the eligible 
FRU list. Thus, the eligible FRU list may include an error 
identi?er, as well as one or more FRU determined to either be 
in error or support an FRU that is in error. Such FRUs, in this 
example, can be “FRU 3” and “FRU 7”. Next, the service 
processor may stop the clock signal on the CEC Concurrent 
Maintenance (CCM) FRU (step 413). The service processor 
may stop clock signals by cooperatively instructing a FRU to 
stop clocks generated within the PRU or propagated through 
the PRU. For example, the service processor can write to a 
register within an integrated circuit installed on the PRU. 
Such a register may be dedicated to indicating a clock status 
for further action to be performed by circuits of the PRU 
[0045] The service processor may inhibit tagging the CCM 
FRU as unusable for a next initial program load (step 415). To 
the extent that the service processor relies on a table or other 
data structure to identify FRUs as unusable, the service pro 
cessor avoids adding the CCM FRU to such a data structure. 
Unusable means that the CCM FRU is not associated with or 
selectable by any processes to con?gure the PRU active by the 
service processor. Next, the service processor may abort the 
CCM operation (step 417). Processing may terminate there 
after, if the CCM operation is aborted. For example, if the I/O 
adapter 323 is being added, the service processor may abort 
this operation. Accordingly, the service processor may asso 
ciate the PRU associated with the aborted CCM operation 
with a bit setting, which signals that the PRU suffered from a 
CCM unrecoverable error. 

[0046] Next, the service processor may inform the client of 
the error that the service processor received (step 419). The 
client may be a hardware maintenance console, for example. 
Accordingly, a user, who accesses such a console, may deter 
mine a current state of the central electronics complex. 

[0047] Next, the service processor receives a user selection 
of a FRU for a second concurrent maintenance operation (step 
451). A user selection is a user input to a client or any signals 
propagated to a service processor based on a user input to the 
client. Next, the service processor determines if the system 
con?guration criteria is met for the selected FRU (step 452). 
System con?guration criteria can include a test of whether the 
selected FRU is in the eligible FRU list. Accordingly, if the 
selected FRU fails to be found in the eligible FRU list, the 
system con?guration criteria may not be met. On the other 
hand, if the system con?guration criteria are met, the service 
processor determines if an untested FRU is in the eligible 
FRU list (step 453). An FRU is an untested FRU when it has 
not been tested during the interval between user selection at 
step 451 through step 465. System con?guration criteria is 
one or more tests or determinations that indicate that the data 

processing system is con?gured to perform concurrent main 

May 20, 2010 

tenance and/ or if hardware support, for example, redundancy 
is present to allow concurrent maintenance to be performed. 
System con?guration criteria canbe tested in step 452 or steps 
457 and 459, explained below, or any combination of steps 
452, 457, and 459. If the system con?guration criteria are met, 
the service processor may obtain the next untested FRU for 
testing (step 455). Next, the service processor determines if 
the PRU is a compatible type to ?rmware (step 457). If the 
PRU is not a compatible type, processing may resume at step 
453. 

[0048] Otherwise, the service processor determines if the 
PRU has an associated redundant FRU (step 459). If the result 
to step 459 is negative, the service processor determines if a 
constraint reason exists, and reports one, if it exists, to the 
client (step 465). Further processing may continue at step 
453. However, if the result to step 459 is positive, the service 
processor reports that the PRU can be repaired to the client 
(step 463). Further processing may continue at step 453. The 
client may be, for example, HMC 313 of FIG. 3. Repairs can 
include, for example, retrying the command or operation, 
displaying a message to user, logging the error and continuing 
with the CCM operation. A user that receives information 
concerning the status of the PRU as being repairable may 
perform further tests and repairs to the PRU in response to 
such a report. A further test can be replacing the applicable 
FRU. Thus, step 463 may prompt the user physically to 
replace the PRU. A repair coordinated by the user can be a 
new CCM operation with the PRU. 

[0049] A failure to determine that a system con?guration 
criterion is met at step 452 can cause the service processor to 
return an error (step 471). During this step, the service pro 
cessor may signal to the client the status of the system con 
?guration criteria. Following step 471, processing may ter 
minate. 
[0050] The illustrative embodiments permit a user to con 
tinue operations on an active FRU that communicates or 
otherwise corresponds to a FRU that is in an error state. 
Accordingly, a central electronics complex (CEC) concurrent 
maintenance (CCM) may not suffer from performance deg 
radation in response to a failure of a FRU that receives con 
current maintenance. In addition, one or more embodiments 
may permit the active FRU to be treated as con?gured and 
operational for purposes of performing an initial program 
load. 

[0051] The ?owchart and block diagrams in the Figures 
illustrate the architecture, functionality, and operation of pos 
sible implementations of systems, methods and computer 
program products according to various embodiments of the 
present invention. In this regard, each block in the ?owchart 
or block diagrams may represent a module, segment, or por 
tion of code, which comprises one or more executable 
instructions for implementing the speci?ed logical function 
(s). It should also be noted that, in some alternative imple 
mentations, the functions noted in the block may occur out of 
the order noted in the ?gures. For example, two blocks shown 
in succession may, in fact be executed substantially concur 
rently, or the blocks may sometimes be executed in the reverse 
order, depending upon the functionality involved. It will also 
be noted that each block of the block diagrams and/ or ?ow 
chart illustration, and combinations of blocks in the block 
diagrams and/or ?owchart illustration, can be implemented 
by special purpose hardware-based systems that perform the 
speci?ed functions or acts, or combinations of special pur 
pose hardware and computer instructions. 
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[0052] The invention can take the form of an entirely hard 
ware embodiment, an entirely software embodiment or an 
embodiment containing both hardware and software ele 
ments. In a preferred embodiment, the invention is imple 
mented in software, which includes but is not limited to 
?rmware, resident software, microcode, etc. 
[0053] Furthermore, the invention can take the form of a 
computer program product accessible from a computer-us 
able or computer-readable medium providing program code 
for use by or in connection with a computer or any instruction 
execution system. For the purposes of this description, a 
computer-usable or computer readable medium can be any 
tangible apparatus that can contain, store, communicate, 
propagate, or transport the program for use by or in connec 
tion with the instruction execution system, apparatus, or 
device. 
[0054] The medium canbe an electronic, magnetic, optical, 
electromagnetic, infrared, or semiconductor system (or appa 
ratus or device) or a propagation medium. Examples of a 
computer-readable medium include a semiconductor or solid 
state memory, magnetic tape, a removable computer diskette, 
a random access memory (RAM), a read-only memory 
(ROM), a rigid magnetic disk and an optical disk. Current 
examples of optical disks include compact disk-read only 
memory (CD-ROM), compact disk-read/write (CD-R/W) 
and DVD. 
[0055] A data processing system suitable for storing and/or 
executing program code will include at least one processor 
coupled directly or indirectly to memory elements through a 
system bus. The memory elements can include local memory 
employed during actual execution of the program code, bulk 
storage, and cache memories, which provide temporary stor 
age of at least some program code in order to reduce the 
number of times code must be retrieved from bulk storage 
during execution. 
[0056] Input/output or I/O devices (including but not lim 
ited to keyboards, displays, pointing devices, etc.) can be 
coupled to the system either directly or through intervening 
l/O controllers. 
[0057] Network adapters may also be coupled to the system 
to enable the data processing system to become coupled to 
other data processing systems or remote printers or storage 
devices through intervening private or public networks. 
Modems, cable modem and Ethernet cards are just a few of 
the currently available types of network adapters. 
[0058] The description of the present invention has been 
presented for purposes of illustration and description, and is 
not intended to be exhaustive or limited to the invention in the 
form disclosed. Many modi?cations and variations will be 
apparent to those of ordinary skill in the art. The embodiment 
was chosen and described in order to best explain the prin 
ciples of the invention, the practical application, and to enable 
others of ordinary skill in the art to understand the invention 
for various embodiments with various modi?cations as are 
suited to the particular use contemplated. 

What is claimed is: 
1. A computer implemented method to respond to a hard 

ware interface error on a system bus, the method comprising: 
receiving an error on the system bus, the error identifying at 

least one ?rst ?eld replaceable unit; 
inhibiting the suppression of clock signal to the at least one 

?rst ?eld replaceable unit; 
adding an identi?er of the at least one ?rst ?eld replaceable 

unit to an eligible Field Replaceable Unit (FRU) list; 
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responsive to the at least one ?rst ?eld replaceable unit 
being dependent on a supporting ?eld replaceable unit, 
adding at least the supporting ?eld replaceable unit to 
the eligible FRU list; 

suppressing the clock signal to the at least one ?rst ?eld 
replaceable unit; and 

inhibiting tagging the at least one ?rst ?eld replaceable unit 
as unusable for next initial program load. 

2. The computer implemented method of claim 1, further 
comprising: 

aborting a concurrent maintenance operation correspond 
ing to the error; and 

informing a client of the error. 
3. The computer implemented method of claim 2, further 

comprising: 
receiving a user selection of a second ?eld replaceable unit 

for a second concurrent maintenance operation; 
determining whether a system con?guration criteria is met 

based on the user selection; and 
responsive to a determination that the system con?guration 

criteria is met, testing the second ?eld replaceable unit. 
4. The computer implemented method of claim 3, wherein 

the second ?eld replaceable unit is the at least one ?rst ?eld 
replaceable unit. 

5. The computer implemented method of claim 3, wherein 
testing further comprises reporting a test outcome to a client. 

6. The computer implemented method of claim 3, wherein 
determining whether a system criteria is met further com 
prises determining whether the second ?eld replaceable unit 
is compatible to a ?rmware in a ?exible service processor. 

7. The computer implemented method of claim 3, wherein 
determining whether a system criteria is met further com 
prises determining whether the second ?eld replaceable unit 
is associated with a redundant ?eld replaceable unit corre 
sponding to the second ?eld replaceable unit, and the system 
con?guration criteria is met based on the second ?eld replace 
able unit being con?gured active. 

8. The computer implemented method of claim 7, wherein 
the second ?eld replaceable unit is a supporting ?eld replace 
able unit, and wherein inhibiting tagging the at least one ?rst 
?eld replaceable unit comprises inhibiting the supporting 
?eld replaceable unit. 

9. The computer implemented method of claim 1, further 
comprising: 

receiving a user selection of a second ?eld replaceable unit 
for a second concurrent maintenance operation; 

determining whether a system con?guration criteria is met 
based on the user selection; 

responsive to a determination that the system con?guration 
criteria is met, obtaining a next untested ?eld replace 
able unit for testing; and 

responsive to a determination that the system con?guration 
criteria is met, testing the second ?eld replaceable unit. 

10. A computer program product for responding to a hard 
ware interface error on a system bus, the computer program 
product comprising: a computer usable medium having com 
puter usable program code embodied therewith, the computer 
program product comprising: 

computer usable program code con?gured to receive an 
error on the system bus, the error identifying at least one 
?rst ?eld replaceable unit; 

computer usable program code con?gured to inhibit the 
suppression of clock signal to the at least one ?rst ?eld 
replaceable unit; 
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computer usable program code con?gured to add an iden 
ti?er of the at least one ?rst ?eld replaceable unit to an 
eligible Field Replaceable Unit (FRU) list; 

computer usable program code, responsive to the at least 
one ?rst ?eld replaceable unit being dependent on a 
supporting ?eld replaceable unit, to add at least one ?rst 
?eld replaceable unit that the at least one ?rst ?eld 
replaceable unit depends upon; 

computer usable program code con?gured to suppress the 
clock signal to the at least one ?rst ?eld replaceable unit; 
and 

computer usable program code con?gured to inhibit tag 
ging the at least one ?rst ?eld replaceable unit as unus 
able for next initial program load. 

11. The computer program product of claim 10, further 
comprising: 

computer usable program code con?gured to abort a con 
current maintenance operation corresponding to the 
error; and 

computer usable program code con?gured to inform a cli 
ent of the error. 

12. The computer program product of claim 11, further 
comprising: 

computer usable program code con?gured to receive a user 
selection of a second ?eld replaceable unit for a second 
concurrent maintenance operation; 

computer usable program code con?gured to determine 
Whether a system con?guration criteria is met based on 
the user selection; and 

computer usable program code con?gured to test the sec 
ond ?eld replaceable unit, responsive to a determination 
that the system con?guration criteria is met. 

13. The computer program product of claim 12, Wherein 
the second ?eld replaceable unit is the at least one ?rst ?eld 
replaceable unit. 

14. The computer program product of claim 12, Wherein 
testing further comprises reporting a test outcome to a client. 

15. The computer program product of claim 12, Wherein 
determining Whether a system criteria is met further com 
prises determining Whether the second ?eld replaceable unit 
is compatible to a ?rmWare in a ?exible service processor. 

16. The computer program product of claim 12, Wherein 
determining Whether a system criteria is met further com 
prises determining Whether the second ?eld replaceable unit 
is associated With a redundant ?eld replaceable unit corre 
sponding to the second ?eld replaceable unit, and the system 
con?guration criteria is met based on the second ?eld replace 
able unit being con?gured active. 

17. The computer program product of claim 16, Wherein 
the second ?eld replaceable unit is a supporting ?eld replace 
able unit. 

18. The computer program product of claim 10, further 
comprising: 

computer usable program code con?gured to receive a user 
selection of a second ?eld replaceable unit for a second 
concurrent maintenance operation; 

computer usable program code con?gured to determine 
Whether a system con?guration criteria is met based on 
the user selection; 

computer usable program code con?gured to obtain a next 
untested ?eld replaceable unit for testing, responsive to 
a determination that the system con?guration criteria is 
met; and 
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computer usable program code con?gured to test the sec 
ond ?eld replaceable unit, responsive to a determination 
that the system con?guration criteria is met. 

19. A data processing system comprising: 
a bus; 
a storage device connected to the bus, Wherein computer 

usable code is located in the storage device; 
a communication unit connected to the bus; and 

a processing unit connected to the bus, Wherein the pro 
cessing unit executes the computer usable code for 
detecting a hardWare interface error on a system bus, 
Wherein the processor executes computer usable code to 
receive an error on the system bus, the error identifying 
at least one ?rst ?eld replaceable unit; inhibit the sup 
pression of clock signal to the at least one ?rst ?eld 
replaceable unit; add an identi?er of the at least one ?rst 
?eld replaceable unit to an eligible Field Replaceable 
Unit (FRU) list; responsive to the at least one ?rst ?eld 
replaceable unit being dependent on a supporting ?eld 
replaceable unit add at least one ?rst ?eld replaceable 
unit that the at least one ?rst ?eld replaceable unit 
depends upon; suppress the clock signal to the at least 
one ?rst ?eld replaceable unit; and inhibit tagging the at 
least one ?rst ?eld replaceable unit as unusable for next 
initial program load. 

20. The data processing system claim 19, Wherein the 
processor further executes computer usable code to abort a 
concurrent maintenance operation corresponding to the error; 
and inform a client of the error. 

21. The data processing system claim 20, Wherein the 
processor further executes computer usable code to receive a 
user selection of a second ?eld replaceable unit for a second 
concurrent maintenance operation; 

determine Whether a system con?guration criteria is met 
based on the user selection; and 

test the second ?eld replaceable unit, responsive to a deter 
mination that the system con?guration criteria is met. 

22. The data processing system claim 21, Wherein the 
second ?eld replaceable unit is the at least one ?eld replace 
able unit. 

23. The data processing system claim 21, Wherein testing 
further comprises reporting a test outcome to a client. 

24. The data processing system claim 19, Wherein the 
processor further executes computer usable code to receive a 
user selection of a second ?eld replaceable unit for a second 
concurrent maintenance operation; 

determine Whether a system con?guration criteria is met 
based on the user selection; 

obtain a next untested ?eld replaceable unit for testing, 
responsive to a determination that the system con?gu 
ration criteria is met; and 

test the second ?eld replaceable unit, responsive to a deter 
mination that the system con?guration criteria is met. 

25. A computer implemented method to respond to a hard 
Ware interface error on a system bus, the method comprising: 

receiving an error on the system bus, the error identifying at 
least one ?rst ?eld replaceable unit; 

inhibiting the suppression of clock signal to the at least one 
?rst ?eld replaceable unit; 

adding an identi?er of the at least one ?rst ?eld replaceable 
unit to an eligible Field Replaceable Unit (FRU) list; 
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responsive to the at least one ?rst ?eld replaceable unit 
being dependent on a supporting ?eld replaceable unit, 
adding at least the supporting ?eld replaceable unit to 
the eligible FRU list; 

suppressing the clock signal to the at least one ?rst ?eld 
replaceable unit; 

inhibiting tagging the at least one ?rst ?eld replaceable unit 
as unusable for next initial program load; 

receiving a user selection of a second ?eld replaceable unit 
for a second concurrent maintenance operation; 

determining Whether a system con?guration criteria is met 
based on the user selection, Wherein determining 
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Whether a system criteria is met further comprises deter 
mining Whether the second ?eld replaceable unit is asso 
ciated With a redundant ?eld replaceable unit corre 
sponding to the second ?eld replaceable unit, and the 
system con?guration criteria is met based on the second 
?eld replaceable unit being con?gured active; and 

responsive to a determination that the system con?guration 
criteria is met, testing the second ?eld replaceable unit, 
Wherein inhibiting tagging the at least one ?rst ?eld 
replaceable unit comprises inhibiting the supporting 
?eld replaceable unit. 

* * * * * 


